Objective: To investigate the relationship between blood glucose-lowering therapy, glycaemia and ethnicity in urban Australians with type 2 diabetes. Design: Prospective observational community-based study of diabetes care, control and complications. Methods: We analysed cross-sectional data from 1057 patients, 238 from a southern European (SE) migrant background and 819 Anglo-Celts (AC). Follow-up data were available for 539 patients (113 SE, 426 AC) who had annual reviews over 4 years. Results: The SE patients were of similar age to the AC patients but had longer diabetes duration, were less fluent in English and had less formal education. After adjustment for diabetes duration, glycosylated haemoglobin and glutamic acid decarboxylase antibody positivity in a logistic regression model, insulin use at study entry was approximately twice as frequent amongst SE as AC patients (odds ratio (95% confidence interval); 1.90 (1.20-3.02)). In the prospective arm, progression to insulin increased in both groups, from 18.0% at baseline to 22.1% at 4 years in SE and from 7.1% to 14.4% in AC patients. b-cell function (%B) and insulin sensitivity (%S) using the homoeostasis model assessment in a subset of diet-treated patients at baseline showed that SE ethnicity was associated with lower %B and greater %S than in the AC group. Conclusions: SE patients with early non-antibody-mediated b-cell failure progress to insulin requirement within the first 4 -5 years of type 2 diabetes. This could reflect either a longer period of undiagnosed diabetes or a more rapid loss of b-cell function after diagnosis.
Introduction
Recent Australian history has seen a significant influx of migrants, especially from Europe after World War 2. In 1989-90, the Australian National Health Survey reported a greater prevalence of diabetes among all major groups of immigrants compared with Australian-born adults (1) . The highest overall prevalence was for those of southern European (SE) ethnicity, with SE males and females having more than double the prevalence in the Australian-born, principally Anglo-Celt (AC), population (2) . Given cultural, linguistic and economic barriers, it is not surprising that Australian minority groups need special programmes that cover aspects of diabetes care including education (3) and management of complications (4) . There is, however, a paucity of data that allow an assessment of glycaemic control in Australian migrants with type 2 diabetes.
The Fremantle Diabetes Study (FDS), which was conducted between 1993 and 2001, recruited 1294 patients with type 2 diabetes to a prospective, observational study (5, 6) . Of these, the largest non-AC group was of SE ethnic background (18.4% of the FDS cohort). Based on Australian Bureau of Statistics census data for the overall percentage of SE individuals living in the FDS catchment area of 120 097 people (6%) (7), the SE patients were threefold over-represented in the FDS. This finding is consistent with contemporaneous national survey data (1, 2) and, together with other data confirming its representative nature (5, 6) , suggests that the FDS sample can be used to investigate ethnic aspects of type 2 diabetes in an urban Australian setting. We have, therefore, assessed the relationship between glycaemic control, blood glucose-lowering therapies and ethnicity in type 2 SE and AC patients from the FDS.
Subjects and methods

Subjects
The FDS was a prospective observational study of patients from a postcode-defined area surrounding the port of Fremantle in Western Australia. We studied 1057 (81.9%) of the 1294 type 2 patients from the community-based FDS cohort who were of either SE or AC ethnic background. The FDS protocol was approved by the Human Rights Committee, Fremantle Hospital and all patients gave informed consent to participation. A description of recruitment strategies, characteristics of the sample including diabetes type, and details of identified but unrecruited patients have been published elsewhere (5, 6) .
Methods
All patients were recruited and had a baseline assessment between 1993 and 1996, and were asked to attend for further annual comprehensive assessments thereafter. At their first and subsequent annual visits, a comprehensive history was taken and a physical examination was performed (5) . Detailed demographic and socioeconomic data were recorded in addition to details of all medical conditions including diabetes. Patients were requested to bring all medications to each visit and details, including doses, were recorded. Any missing medication data were collected through follow-up telephone calls and/or review of hospital case notes. Compliance with therapy was assessed from self-report. Each patient provided fasting blood and urine samples for automated biochemical analyses (5) . Antibodies to glutamic acid decarboxylase (GAD) were assayed as described previously (8, 9) .
Ethnic background was assessed largely from selfselection of one of six categories: (i) northern European (principally AC), (ii) SE, (iii) Asian, (iv) African, (v) aboriginal/Torres Strait islander and (vi) other (including mixed ethnicity). Supplementary criteria used for ethnic background included country of birth, country of father's/mother's birth and language spoken at home. Of the 1294 patients with type 2 diabetes identified in the 3-year registration period, 819 (63%) were of AC and 238 (18%) of SE ethnic background. The former patients had family origins in the United Kingdom and Ireland. In the SE group, 210 of the 238 (88%) had been born outside Australia and had lived in Australia for an average of 35 (range 2 -63) years. Of these, most (156 or 74%) were born in Italy with the majority of the remainder born in Portugal, Spain or Greece. Of the 28 SE patients born in Australia, 21 (75%) reported that both parents were born in Italy.
Retinopathy (at least one microaneurysm in either eye or worse) was assessed from direct and/or indirect ophthalmoscopy through dilated pupils, and/or more detailed ophthalmological data in patients assessed for photocoagulation. Neuropathy was defined as a score of . 2/8 using the Michigan Neuropathy Screening Instrument clinical portion (10) . Nephropathy was defined as an urine albumin:urine creatinine ratio (ACR) $ 3.0 mg/mmol.
Data analysis
b-cell function (%B) and insulin sensitivity (%S) were estimated from fasting serum glucose and insulin concentrations using the homeostasis model assessment (HOMA) (11 A logistic regression model was used to assess the factors associated with therapy at recruitment to the study. Time to requirement for insulin following recruitment in those patients not taking insulin at recruitment was assessed using a Kaplan-Meier survival model. Survival curves defined by ethnic group were constructed and compared with the log-rank test. Cox proportional hazards modelling was used to determine whether ethnic group was an independent predictor of future insulin use after adjustment for potential confounding variables. The validity of the proportional hazards assumption was assessed from log(2 log(survival)) curves and examination of timedependent covariates. A level of P , 0.05 was taken as significant throughout.
Results
Baseline patient characteristics
Details of the 238 SE and 819 AC patients at study entry are summarised in Table 1 . The SE patients were of similar age to the AC patients but had significantly longer duration of diabetes and were, therefore, younger at diagnosis. The SE patients were less likely to speak English fluently and to have had education beyond primary school level. The SE patients had a greater body mass index (BMI) than the AC group but waist circumference and waist:hip ratio were similar. Fasting serum glucose and glycosylated haemoglobin (HbA 1c ) were both significantly higher amongst SE patients at baseline. SE patients were approximately twice as likely as AC patients to be taking insulin, although median doses in the two groups were similar. Smoking habits, alcohol intake and exercise history were similar in the two groups.
The comparative prevalence of microvascular complications did not show a consistent pattern. The proportion with any manifestation of microangiopathy was greater amongst SE patients (64.3% vs 56.7% in AC; P ¼ 0.043).
Determinants of blood glucose-lowering therapy at baseline
We examined the contribution of likely determinants of insulin use in a logistic regression model. Age at recruitment, duration of diabetes, sex, ethnicity, GAD antibody positivity, BMI, fasting serum glucose and HbA 1c were included as independent variables in the model and use of insulin at study entry as the dependent variable (see Table 2 ). Longer duration, SE ethnicity, GAD antibody positivity and HbA 1c at recruitment were each significant and independent predictors of insulin self-administration. Insulin use remained more than twice as frequent amongst SE than AC patients after adjusting for the other variables. Figure 1 shows the percentage of patients using different therapies for diabetes at recruitment according to ethnic group and HbA 1c categorised into approximate quartiles , 6.5%, 6.5% to 7.4%, 7.5% to 8.4% and $ 8.5%. At each interval of HbA 1c above 6.5%, there was a greater percentage of insulin-treated SE patients (P , 0.01 by test for trend). This was particularly evident at HbA 1c values . 8.5% (36.3% vs 17.9% of SE and AC patients respectively) and persisted when patients taking insulin were further subdivided into groups based on whether or not oral hypoglycaemic agents were also being taken (data not shown). There were fewer SE than AC patients on diet alone in each HbA 1c category.
Relationship between ethnicity, blood glucoselowering therapy and glycaemic control at baseline
We assessed the relationship between the effectiveness of blood-glucose lowering therapy and ethnicity by comparing the HbA 1c levels of SE and AC patients on diet alone, oral hypoglycaemic medication, or insulin with or without oral hypoglycaemic therapy. There were no statistically significant differences in HbA 1c by treatment modality and ethnic group (P . 0.09; see Fig. 2 ). Fasting serum insulin concentrations, and therefore HOMA estimates of %B and %S, were available for an unselected sample of 307 of the 922 patients who were not taking insulin at baseline (33.3%). These patients were older than those not selected (age 65.8^10.2 vs 63.4^11.7 years; P ¼ 0.002) but had a similar sex distribution, diabetes duration, fasting serum glucose, HbA 1c and distribution of blood glucose-lowering therapies (P . 0.1). As with HbA 1c , we analysed these log-transformed data by type of treatment (see Fig. 3 ). In the case of diet-treated patients, there was a significantly lower %B (31 (16 -59) vs 58 (30 -113) %; P ¼ 0.002) and greater %S (65 (31 -138) vs 35 (17 -72) %; P ¼ 0.006) in the 12 SE compared with the 102 AC patients, but no such differences were observed for the 30 SE and 163 AC patients on oral hypoglycaemic therapy (P . 0.17).
Prospective data
Longitudinal data from the 539 patients who attended four annual FDS review visits were analysed separately. Compared with the 518 SE or AC type 2 FDS patients who did not complete 4 years of follow-up, the subjects in this subgroup were younger at recruitment The differences between the SE and AC patients included in the prospective arm were consistent with those seen in the larger cross-sectional sample (see Table 1 ). The SE patients were significantly younger at diagnosis of diabetes but of similar age and thus had a longer duration of diabetes at recruitment. Their fasting serum glucose was significantly higher but there were no significant differences in HbA 1c or measures of obesity. Insulin use at study entry was significantly more frequent amongst SE patients.
Median [interquartile range] HbA 1c levels in both ethnic groups over the 4 years of follow-up are shown in Fig. 4 . After adjusting for age at recruitment, duration of diabetes and BMI there were no significant differences between ethnic groups in either the change in HbA 1c over the 4 years (P ¼ 0.56) or in the updated mean HbA 1c (P ¼ 0.93). The distributions of treatment type by ethnic group over the 4 years of follow-up are shown in Fig. 5 . There were increases in the use of insulin and oral hypoglycaemic agents in both groups over time. The SE patients in the prospective study remained more likely to be taking insulin (alone or in combination with oral hypoglycaemic agents) after 4 years of follow-up (22.1 vs 14.4%; P ¼ 0.059). Time to requirement for insulin from study entry was assessed using a Kaplan -Meier survival model, but there was no difference between ethnic groups (P ¼ 0.49 by log rank test). After adjusting for age, gender, diabetes duration, BMI, GAD antibody positivity, fasting serum glucose and HbA 1c at study entry in a Cox proportional hazards model, ethnic group was not significantly associated with progression to insulin treatment (P ¼ 0.56).
Discussion
We found that patients with type 2 diabetes from an SE ethnic background were approximately twice as likely to be self-administering insulin as type 2 AC patients in the same community-based cohort drawn from an urban Australian setting. This difference was not explained by potentially confounding variables including duration of known diabetes, glycaemic control and GAD antibody status, and was most marked at relatively high HbA 1c levels (. 8.5%). In a subset of patients followed for 4 years, the trend to relatively greater use of insulin by SE patients persisted.
Most of our SE patients were first-generation migrants from Italy, Greece, Spain and Portugal. Just under one in five of them was taking insulin at entry into the FDS at a time when they had been diabetic for a median of 5 years. After a further 4 years of follow-up, 22.1% of the prospective subgroup was insulin treated. In studies from SE countries (12 -16), insulin use in type 2 diabetes ranged from 9 to 23% for a duration of diabetes of approximately 10 years. Only one of these, a nationwide Italian study (15) , provided HbA 1c data, with a mean HbA 1c of 7.3% in the 19.8% of type 2 patients who were on insulin. Taken together, these data suggest that insulin use amongst the SE patients in the FDS was at the upper limit of that in their countries of origin but that glycaemic control was less satisfactory. The majority of our SE patients neither spoke English fluently nor had received a formal education beyond primary school level. Although this suggests that most were still following a traditional lifestyle, it could be that a shift away from a Mediterranean diet contributed to the relatively poor glycaemic control and greater insulin use in our Australian-dwelling SE patients.
The progressive nature of type 2 diabetes (17), and the deleterious effects of both hyperglycaemia (18) and islet-specific antibodies on b-cell function, are reflected in the associations between insulin use in our patients and longer diabetes duration, higher HbA 1c levels and GAD antibody positivity. There were significant differences between SE and AC patients in each of these variables and so it was important to confirm that SE ethnicity was an independent determinant of insulin therapy. Self-reported adherence with medication for diabetes was similar in our SE and AC patients (data not shown) and HbA 1c levels were comparable in oral hypoglycaemic-treated patients in the two groups, suggesting that the ethnic differences in progression to insulin were not determined by compliance with therapy. Socioeconomic variables such as income, English fluency and level of education were highly correlated with ethnicity in the present study, and so it was not possible to assess their independent influence on therapeutic modality. However, the Medicare system, introduced in 1984 and underpinned by a tax levy, provides universal comprehensive medical and hospital coverage for all Australians. In fact, in the 2 years prior to recruitment, SE patients made more visits to their general practitioners than AC (6 [2 -12] vs 4 [1 -8] ; P ¼ 0.012). It may be that an earlier introduction of insulin therapy is a consequence of greater concern about glycaemic control on the part of the SE patient and/or general practitioner than was the case in the AC group. Data from the USA show that African Americans with diabetes are more likely to be insulin treated than white Caucasian patients (19) , but this is in the context of markedly different racial groups and health care systems, complicating comparisons with the present data.
We assessed HOMA-derived %B and %S as an indication of whether pathophysiological factors contributed to the present ethnic differences in insulin use. Although these data were derived from a subgroup, the patients were similar to those who were not included. It is of interest that, in subjects on diet alone, SE ethnicity was associated with a greater impairment of b-cell function. It is possible that the progressive loss of b-cell function that characterises type 2 diabetes (17) is relatively rapid in SE patients and that its effects are offset initially by greater insulin sensitivity. The differences in %S appeared independent of measures of body fat which were largely comparable in the two groups of subjects. It may be that other factors, including diet, influence %S and that maintenance of at least a partial traditional lifestyle is of benefit in our SE patients.
Estimates of %B and %S in patients receiving oral hypoglycaemic therapy, and thus at a later stage of diabetes, will be influenced by the effects of the drugs on endogenous insulin production and tissue insulin response and are more difficult to interpret as a result. Nevertheless, there were no differences in %B and %S between the groups for this therapeutic modality and the rate at which patients progressed to insulin was similar in SE and AC patients, after adjustment for confounding variables, in the prospective arm of the study.
An alternative explanation for the relatively low %B in the diet-treated SE patients in particular and the greater use of insulin in the SE group as a whole is that they had undiagnosed diabetes for longer than AC subjects in the presence of the same rate of b-cell decline. This would fit with the greater prevalence of retinopathy in the SE group (20) especially since the older AC patients should be at greater risk of this complication (21) . In addition, our SE patients were less often diagnosed incidentally (28.7 vs 42.7% in AC patients) than with hyperglycaemic symptoms (50.5 vs 40.4%; P ¼ 0.003), suggesting a relatively late presentation. Given that the present group-specific prevalence data for sensory neuropathy and nephropathy do not support this hypothesis, there is a need for further longitudinal studies of ethnicity and the development of b-cell dysfunction and insulin insensitivity.
Our prospective median HbA 1c data showed an initial reduction between baseline and first review, presumably because the FDS patients were subject to monitoring that was additional to usual care. There was a rise thereafter despite an increase in number and amount of blood glucose-lowering therapies used, including insulin, in both ethnic groups. This situation parallels that in the United Kingdom Prospective Diabetes Study (UKPDS) (22) . UKPDS data have shown that the majority of patients will require insulin to achieve an HbA 1c , 7.0% after 9 years of type 2 diabetes (23). This duration is similar to that in our patients at the end of the prospective arm of the study, at which time 59.1 and 59.3% of AC and SE patients still had an HbA 1c $ 7.0% for percentages of insulin users that were only 22.1 vs 14.3% respectively. These findings suggest that, as in the UKPDS, most of our patients would have needed insulin to achieve satisfactory glycaemic control.
The present study highlights some of the issues involved in managing patients with type 2 diabetes in a multicultural setting. The rate of progression through blood glucose-lowering therapies can differ significantly between ethnic groups. This includes the use of insulin, which will be required in most patients within a decade of diagnosis (23) . Despite the introduction of insulin therapy, our data and those of others (24, 25) suggest that this may not improve glycaemic control. In some ethnic groups, notably the present SE patients, the early introduction of insulin is appropriate but a more aggressive dose titration is needed to meet recommended glycaemic targets.
